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ABSTRACT 

Context. It has been recently found that the characteristic photometric parameters of antitruncated discs in SO galaxies follow tight 
scaling relations. 

Aims. We investigate if similar scaling relations are satisfied by galaxies of other morphological types. 

Methods. We have analysed the trends in several photometric planes relating the characteristic surface brightness and scalelengths 
of the breaks and the inner and outer discs of local antitruncated SO-Scd galaxies, using published data and fits performed to the 
surface brightness profiles of two samples of Type-III galaxies in the R and Spitzer 3.6/rm bands. We have performed linear fits to the 
correlations followed by different galaxy types in each plane, as well as several statistical tests to determine their significance. 
Results. We have found that: 1) the antitruncated discs of all galaxy types from Sa to Scd obey tight scaling relations both in R 
and 3.6pm, as observed in SOs; 2) the majority of these correlations are significant accounting for the numbers of the available data 
samples; 3) the trends are clearly linear when the characteristic scalelengths are plotted on a logarithmic scale; and 4) the correlations 
relating the characteristic surface brightnesses of the inner and outer discs and the breaks with the various characteristic scalelengths 
significantly improve when the latter are normalized to the optical radius of the galaxy. The observational uncertainties prevent us 
from discerning robustly whether the trends differ or not between the different types and bands, but we do not find statistical evidence 
of significant differences between the distributions of SOs and spirals and of barred and unbarred galaxies either. These results suggest 
that the scaling relations of Type-III discs are independent of the morphological type and the presence (or absence) of bars within the 
observational uncertainties of the available datasets. However, larger and deeper samples are required to confirm this. 

Conclusions. The tight structural coupling implied by these scaling relations impose strong constraints on the mechanisms proposed 
for explaining the formation of antitruncated stellar discs in the galaxies across the whole Hubble Sequence. 

Key words, galaxies: elliptical and lenticular, cD - galaxies: spiral - galaxies: structure - galaxies: photometry - galaxies: evolution 
-galaxies: fundamental parameters 


1. Introduction 


Erwin et al. (120051) introduced for the first time a definition of 
antitruncated or Type-III galaxies, as those in which the surface 
brightness of the disc does not f ollow the typical exponentially- 
decaying profile with the ra dius dPattersonl 1 9401 : [de Vaucou lcurs 
j~957L i)958: If reemanlfl970l) . but presents an up-bending profile, 
with the outer disc exhibiting a distinct shallower slope than the 
inner disc outside a given radius (known as the break radius, 
^brkin)- This nomenclature was an extension of the classification 
defined bv lFreemanl(Il970h . who classified Type-I discs as those 
with single exponentially-decaying profiles and Type-II discs as 
those with down-bendin g pro files outside the break radius (see 
also van der Kruiti! 197 


li ng pron 

1 119871 ) . 


In edge-on systems, antitruncations tend to coincide with the 
super position of a thin disc and a thick disc dComeron et al.l 
l2012t) . However, while nearly all Type-II profiles are associ¬ 
ated with galaxy subcomponents (such as rings, pseudorings, 
lenses, or strong star formation regions), only ~ 1 /3 of Type-III 
profiles are related to distinct morphological substructures (see 
lLaine et al.il2014[ L14 henceforth). The structural properties 


and frequencies of antitruncations seem to differ in SO and spiral 
types. The percentage of antitruncations rises from ~ 10-2 0% i n 
Sc-Sd galaxies to ~20-50% in SO-Sa type s ( Erwin et~al1l2008l : 


lllvina & Sil’chenkoll2012l : iGutierrez et alJl201 lL G11 hereafter: 
L14; Maltby et al. 2015). In spirals, antitruncations are basically 
disc-related phenomena, with less than ~ 15 % of them associ¬ 
ated with the contri bution of central spheroidal components to 
the galaxy outskirts (Ma ltbv et alJl2012bl 12015 ). However, this 
percentage rises to ~25% in SO-Sb galaxies ( Erwin et al .1 2005) 


and up to ~50% if only SOs are considered (iMaltbv et alJl2015D . 

Type-ITprofiles are known to be related to bars in most cases 
(see, e.g. JKim et al.ll2014 ). but the origin of Type-III discs is 
still poorly constrained. Diverse mechanisms have been pro¬ 
posed to explain the formation of antitruncations. The majority 


minor mergers (Lau 

rikainen & Salo 2001; Penarrub 

a et al. 2006; 

Younger et al. 2007 

). major mergers (jBorlaff et al. 

20141), inter- 


actions i 


2009), high-ec centricity fly-by encou nters (I Younger et all2 008). 
or harassment (Roedig er et alJl20l2l) . Other formation scenarios 
include the existence of different star formation thresholds as a 


Article number, page 1 ofQH 



















































function of the radius in the gal axy (jE lmegree n & Hunterl2006l) . 
ram-pressure stripping ( Roediger et al.ll2012l) . ongoing gas ac- 
cretion dM inchev et al. 201 2f), and simple f ading of stellar discs 
(iMaltbv et al.ll2015h . Herpich et al . (1201 5!) have also proposed 
that the disc profile type of a galaxy may basically depend on 
the initial spin of its host halo. It seems that bars are unrelated 
to antitruncations, as derived from the observational fact that the 
relative frequency of Type-III profiles found in samples of barred 


and u nbarred galaxies is similar (ISil’chen 


Erwin et al. 


120081 E08 hereafter; Gil; L14). However, this needs to be con¬ 
firmed by other means. 

Recently. iBorlaff et al.!(l2014l) have found that the structures 
of the inner and outer discs and the location of the break in Type- 
III SO galaxies are strongly coupled, and this coupling seems to 
be independent of the existence of bars in the galaxies. These au¬ 
thors have shown that the characteristic photometric parameters 
of the inner and outer discs and the breaks in SOs satisfy sev¬ 
eral scaling relations, tighter in many cases if the scalelengths 
are normalized to the optical size of the galaxy. The question is 
whether or not these scaling relations (or similar ones) are also 
obeyed by Type-III discs of other morphological types. If not 
this would imply that anti truncations do form through diverse 
and independent mechanisms in different Hubble types (which 
seems reasonable, accounting for the wide variety of possible 
formation processes). However, if the antitruncated discs of spi¬ 
ral galaxies satisfy scaling relations similar to those observed in 
SOs, it becomes challenging to understand the physical processes 
underlying this coupling in galaxies spanning the whole Hubble 
Sequence. Analogously, if bars are relevant in determining the 
structure of some antitruncated discs or have triggered their for¬ 
mation in some cases, we should expect to find significant differ¬ 
ences between the photometric trends followed by Type-III discs 
of barred and unbarred galaxies, whereas negligible differences 
would be expected if both phenomena are structurally unrelated. 

Therefore, we have investigated whether the Type-III discs 
of spirals obey scaling relations as tight as those observed in an¬ 
titruncated SOs and, in this case, whether the scaling relations 
can be considered similar or both galaxy types exhibit signifi¬ 
cant differences between them. The same analysis has been per¬ 
formed for barred and unbarred galaxies, to find out whether bars 
and antitruncations are structurally related or not. 

For this purpose, we have used the data published by E08 
and G11 in the R band, and by L14 in the 3.6p m Spitzer band. 
In Section[2] we briefly comment on the galaxy samples of these 
authors, their data, and the procedures they followed to obtain 
and characterize the surface brightness profiles. Section^ de¬ 
scribes our fitting technique to the trends found in the studied 
photometric planes, as well as the tests performed to identify the 
correlations that were statistically significant. In Section[4] we 
show the main trends and scaling relations that we have found 
involving the characteristic scalelengths of the inner and outer 
discs (hi and h a , respectively), Rbrkm, and R 25 . There we also 
statistically analyse the differences and similarities of the trends 
followed by SO vs. spiral galaxies, by barred vs. unbarred galax¬ 
ies, and of R vs. 3.6 pm data. Finally, the discussion and main 
conclusions are provided in Sections[5]and[6] 


2. Data 

We have analysed the possible correlations between the char¬ 
acteristic parameters of the breaks and the inner and outer discs 
of two samples of local galaxies with Type-III stellar discs, in 
the R and 3.6 pm bands. The R-band dataset contains the photo¬ 
metric parameters derived for 16 Type-III barred nearby galaxies 


Table 1: Statistics of Hubble types (SO and spiral) and barred- 
unbarred galaxies for the R and 3.6//rn samples of Type-III 
galaxies 


R band 3 

Barred b 

Unbarred 3 

Total 

SO-SO/a 

9 (22.5%) 

12(30%) 

21 (52.5%) 

Sa-Sbc 

7 (17.5%) 

12 (30%) 

19 (47.5%) 

All Hubble types 

16 (40%) 

24 (60%) 

40 (100%) 

3.6pm band a,d 


Barred 

Unbarred 

Total 

SO-SO/a 

13 (21%) 

18(29%) 

31 (50%) 

Sa-Scd 

16 (26%) 

15 (24%) 

31 (50%) 

All Hubble types 

29 (47%) 

33 (53%) 

62 (100%) 


Notes: 

a The percentages are given with respect to the total number of 
galaxies in the sample of each band. 
b All barred galaxies in the R-band sample are from E08. 
c All unbarred galaxies in the R-band sample are from G11. 
d The data in the 3.6pm band come from L14. 


by E08 and for 24 Type-III unbarred ones by G11 (40, in total), 
with SO-Sbc types. The 3.6pm dataset comprises the 62 Type-III 
(barred and unbarred) galaxies from the sample analysed by L14, 
with types spanning from SO to Scd. Our study is exclusively 
centered on galaxies with pure Type-III profiles, i.e., the galax¬ 
ies with hybrid profiles from the original samples (Type II+III) 
have been excluded in our subsamples to avoid a possible addi¬ 
tional dispersion in the trends we were looking for (they were 4 
galaxies in the E08 sample, 5 from Gil, and 7 fromL14). The 
E08 sample overlaps with the L14 sample in 4 galaxies, while 
G11 sample has 7 galaxies in common with L14. 

TableQ] summarizes the statistics of the samples in terms of 
morphological types and barred/unbarred nature in both bands. 
The statistics of the two subsamples is not very high (40 SO- 
Sbc galaxies in R and 62 SO-Scd’s in 3.6pm), but the numbers 
are sufficiently large to allow us to look for photometric scaling 
relations in SOs and spirals separately, because the galaxies dis¬ 
tribute nearly equally among the two types in both bands. A sim¬ 
ilar argument holds for barred and unbarred galaxies. The origi¬ 
nal data, reduction, and methodology to characterize the surface 
brightness profiles are extensively described in the original pa¬ 
pers, so we provide just a brief description here. 

The original samples were defined using different selec¬ 
tion criteria for the radial velocities, angular sizes, galactic 
latitudes, and morphologies of the galaxies. The galaxies 
in the /x’-band sample have distances <30Mpc, while those 
of the L14 sample lie at <80Mpc, but both datasets present 
-18 < Mg < -22 magnitudes. E08 and G11 used data in the r and 
R bands taken with different telescopes, with PSF FWHM~0.7” 
and limiting surface brightness pi; m ~ 26-27 mag arcsec~ 2 in R 
(Vega system). L14 combined data obtained in the 3.6 pm IRAC 
band for Sa- Sd ga laxies of the S 4 G survey (FWHM~1.7”, see 
ISheth et alJ l2010h with R/rband images fo r SO-SO/a galaxies 
from the NIRSOS survey (FWHM~0.7”, see Laurikainen et all 
i201 111 . In L14, the distances of the galaxies coming from the 
S 4 G sample are <40Mpc, and < 80Mpc for those coming from 
NIRSOS. 

L14 converted the K -band surface brightness profiles of the 
galaxies from the NIRSOS sample to AB magnitudes in the 
3.6 ftm band accounting for the color differences and magnitude 
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offsets derived for the 93 galaxies that the two surveys have in 
common. These authors computed total magnitudes in elliptical 
apertures tracing the p = 22.5 mag arcsec -2 isophote in 3.6 pm in 
each galaxy. The median difference between the magnitudes ob¬ 
tained in the two surveys was derived, including a linear term to 
describe the dependence on colour. This conversion factor was 
then applied to the surface brightness profiles and total magni¬ 
tudes of the NIRSOS data to transform them into 3.6pm. L14 
data finally presented pi; m - 26.4 mag arc sec 2 for the Sa-Scd’s 
and pij m - 24.7 mag arcsec 2 for the SO-SO/a’s in 3.6pm (AB 
magnitudes). 

Both data samples are analogous in terms of depth for the 
spiral types, but the R-band sample is at least ~ 1 mag deeper 
than the 3.6pm sample for the SO galaxies. L14 compared the 
limiting surface brightness of their sample with that of the V- 
band sample bv iMaltbv et al.1 (1201 2at) . finding that V - [3.6] ~ 
1.5 mag (AB system, see their Section 6). Considering thaCP-R 
ranges ~ 0.2-0.5 in the discs of Sa-Sd galaxies (lMollenhoffi 
2004) and (V - R) - 0.5- 0.65 in those of SOs (lGregdll989h . we 
find that the limiting magnitudes of the 3.6pm sample by L14 
roughly correspond in the R band to pi; m ~ 27.5 for the spirals 
and pi; m ~ 25.5 for the SOs (Vega system]^ Here, we have con¬ 
sidered that V(AB) - V(Vega) = 0.02 dBlanton & Roweisjl2007l) . 
Assuming that pn m ~ 26.5 mag arcsec -2 on average in the E08 
and Gil samples, this means that the 3.6pm data sample is ~ 
1 mag arcsec -2 deeper than the R-band sample for the spirals. On 
the other hand, the E08 and Gil samples are ~ 1 mag arcsec -2 
deeper than the L14 sample for the SOs. However, some pro¬ 
files in E08 and Gil achieve pii m ~ 28 mag arcsec -2 . So, the 
R-band sample may be reaching similar depths to the L14 sam¬ 
ple in some specific cases. 

E08 and G il u sed the morphological types available in the 
RC3 catalog (ide Vaucouleurs et al. l ll991 ). based on the opti¬ 
cal morphology of the galaxies, whereas the types in L14 were 
assig ned according to the morphology in their K or 3.6pm im¬ 
ages (lLaurikainen et al.ll201 ItlButa et al.li2015h . E08 considered 
as barred galaxies those exhibiting strong (SB) or weak (SAB) 
bars according to the RC3 classification, but revised the classes 
according to their deep R band images and rejected the galaxies 
without clear bars in them or involved in strong interactions. The 
barred/unbarred classification in L14 was, however, made on the 
basis of their deep K and 3.6pm images from the NIRSOS and 
S 4 G surveys. 

The surface brightness profiles were obtained by azimuthally 
averaging the light within ellipses fitted to the isophotes of the 
galaxies. The three studies (E08, Gil, and L14) held the values 
of the centre, ellipticity, and position angle of isophotes fixed to 
the values of the outer discs in the fits. 

E08 and L14 fitted the disc profiles using ’’broken- 
exponential” functions, which describe the inner and outer discs 
through two exponentially-decaying profiles joined by a transi¬ 
tion region, according to the following expression: 


I(r) — S Iq exp 



[1 + exp [ a(r - Rbi-km)]}" (,,i "°\ 


(1) 


where Iq represents the central intensity of the inner exponential 
section, a parameterizes the sharpness of the break, and S is a 
scaling factor, given by 


S = [1 + expf-tr Rbrkin)]" (ii ' ,0) • (2) 

On the other hand, Gil performed independent exponential fits 
to the inner and outer discs (’’piecewise fits”), defining Rbrkin as 


the radius at which the fitted profiles cross. The surface bright¬ 
ness of the profile at r — Rbrkin is defined as the break surface 
brightness (pbrkin)- E08 showed that the two fitting procedures 
provide very similar results (within 5% for the characteristic 
scalelengths in case of Type-Ill profiles). This allows the com¬ 
parison of the characteristic parameters of the samples by E08 
and G11 in the R band. 

Consequently, we have used the characteristic parameters of 
the breaks and the inner and outer discs of Type-III galaxies de¬ 
rived by E08, Gil, and L14 to compare the trends of SO and 
spiral types in several photometric planes, in the R and 3.6 pm 
bands. We remark that the magnitudes of the R-band data are the 
Vega system and in AB for the 3.6pm dataset. 

3. Fits and correlation tests 

We performed linear fits (y = m x+Cq) to the trends followed 
in each photometric plane by all galaxies, by spirals and SOs in¬ 
dependently, by types of spirals (Sa-Sab, Sb-Sbc, Sc-Scd), as 
well as by barred and unbarred galaxies. The trends of the types 
in each sample have been fitted using ordinary least squares. The 
photometric parameters of the inner and outer discs character¬ 
ized by E08, Gil, and L14 had no errors assigned in their origi¬ 
nal papers, so no error weighting could be considered in the fits. 
In order to estimate realistic confidence intervals to the fitted re¬ 
gression coefficients, we adopted a bootstrapping method. We 
generated n = 10 5 artificial data samples with the same size as 
the original one in each diagram with replacement. The final 
regression coefficients of each fit correspond to the median val¬ 
ues of the probability distributions of each coefficient obtained 
with the 10 5 results, in order to reduce the systematic bias in¬ 
troduced by outliers. The upper and lower errors considered for 
each coefficient are those enclosing 2.5% and 97.5% of the val¬ 
ues in the corresponding probability distribution. The bootstrap 
distribution is closer to the real probability distribution of the co¬ 
efficients than a simple Gaussian in general, so this method de¬ 
rives robust and conservative (asymmetric) confidence intervals 
for the regression coefficients, reducing the effects of possible 
outliers or high leverage points at the same time. 

We tested the significance of each photometric trend using 
the Spearman rank correlation test, which measures whether two 
variables are monotonically related and the level of correlation 
between them, and it has the advantage of being non paramet¬ 
ric. Only those trends with an associated probability of random 
correlation below 5% according to the test ( p s < 0.05) are con¬ 
sidered as statistically significant. The 3.6/.mi dataset presents 
higher statistics than the R-band sample, but the Spearman rank 
correlation test accounts for the number of data pairs yielding 
the trend to derive p$ . Additionally, the Pearson coefficient ( p ) 
has been used to determine the level of linear correlation of each 
trend. 

The slope ( m ) and T-intercept (Co) of the linear fits per¬ 
formed to the different trends analysed in each photometric 
plane, their asymmetric error intervals, as well as the values of 
ps, p, and the number of available data pairs (V pa j ls ) for each 
trend, are listed in Tables[2]|7] 

FiguresQ][9] show the trends followed by Type-III galaxies 
in these photometric planes. We have overplotted the obtained 
linear fits only when they fulfill the Spearman rank correlation 
test at 95% of significance level, i.e., only if there is a significant 
correlation in the diagram. Note that, although there may be 
a significant correlation between two parameters according to 
the Spearman test, it does not have to be significantly linear. In 
fact, some trends are significant according to it (ps < 0.05), 
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Trends with firkin and Whit 111/^25 in R (SOs/spirals) 


Trends with /?brkin and Whrkni /^25 in 3.6/mi (SOs/spirals) 


SO-SO/a 

0.80±0.34 

-0.44±0.32 

0.852 

1.9E-07 



E08 & Gil: 
° Unbarred 

* Barred 
•* SO-SO/a 
•■Sa-Sab 

• * Sb-Sbc 


10 

^brklll.R (kP C ) 



10 

^brklll.R (^P C ) 




,r/-^2E 


SO-SO/a 



1.0 

^brklll.R /R; 


25 


Spirals 
3.53±0.83 
19.36±0.18 
0.663 
6.5E-03 


SO-SO/a 

4.40±6.32 

19.28±0.50 

0.585 

2.2E-05 



E08 & Gil: 

° Unbarred 

* Barred 

•* so-so/a ; 

• * Sa-Sab 
•* Sb-Sbc 


1.0 

klll.R /R 2E 



.r/^e 



Spirals SO-SO/a 
m 0.97±0.15 1 .05±0 .10 

C 0 -0.62±0.13 -0.59±0.10 

p 0.933 0.958 

p s 2.4E-10 5.2E-15 



o Unbarred 
* Barred 
o<, SO-SO/a 
o*Sa-Sab 
Sb-Sbc 
o*Sc-Scd 


10 

^brkIII,3.6 (^P C ) 



10 

^brkIII,3.6 (^P C ) 



10 

^brkIII,3.6 (^P C ) 


^brklll.R /^2E 




[11,3.6 /R 21 



l,3.e/^2E 



1.0 10.0 
^brklll,3.6 /R 25 



[II.3.6/R3E 


Fig. 1: Trends of the photometric parameters of the break and 
the inner and outer discs with Zorkin for the local antitruncated 
SO-Sbc galaxies in the R band from the E08 and Gil samples 
(see Tables[2]|4]). Reft: trends with firkin- Right: trends with 
^brkm/^ 25 - The linear fits performed to each galaxy type are 
overplotted only if they are significant ( red thick solid line: S0- 
SO/a, grey thin solid line: all spirals, green dashed line: Sa-Sab, 
blue dashed-dotted line: Sb-Sbc). The results of the linear fits 
performed for the spirals and SOs are indicated at the top of 
each panel. The errors of the fits shown in the panels have 
been symmetrized for simplicity (the results are available in the 
corresponding Tables). See the legend in the panels. 


Fig. 2: The same as Fig. [I] but for local antitruncated SO-Scd 
galaxies in the 3.6 pm band from the L14 sample (see Tables[2]- 
[Q>. Left: trends with A’hrkin• Right: trends with f?bi-kin/^ 25 - The 
linear fits performed to each galaxy type are overplotted only if 
they are significant ( orange thick solid line: SO-SO/a, grey thin 
solid line: all spirals, green dashed line: Sa-Sab, blue dashed- 
dotted line: Sb-Sbc, purple three dotted-dashed line: Sc-Scd). 
The results of the linear fits performed for the spirals and SOs 
are indicated at the top of each panel. The errors of the fits 
shown in the panels have been symmetrized for simplicity (see 
the results in the corresponding Tables). See the legend in the 
panels. 
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Trends with (?brkm and /^brk 111/^25 in R (barred/unbarred) 


Trends with /?bikm and Rbrktu/Ris in 3.6/rm (barred/unbarred) 


7T 10.0 - 


1 


30 

f' 28 - 

1 26 
o 

24 

« 22 1 

6 

w 20 : 
3 18 


Barred 
0.83±0.26 
-0.46 ±0.23 
0.882 
2.3E-05 


Unbarred 

0.69±0.31 

-0.32±0.29 

0.794 

1.5E-05 



10 

^brklll.R (kpc) 


Barred 

0.27±0.45 

0.39±0.43 

0.407 

2.2E-01 


Unbarred 

0.99±0.37 

-0.20±0.36 

0.795 

3.0E-04 


10 

RbrkHI.R (kpc) 

Barred Unbarred 

4.81 ±2.27 2.53±2.77 

14.96±2.11 17.15±2.30 

0.837 0.488 

1.3E-04 2.8E-02 



10 

^brklll.R (kpc) 


Barred 
3.21 ±4.69 
18.88±4.55 
0.548 
1.7E-01 


Unbarred 

5.43±1.78 

17.15il.67 

0.759 

1.3E-04 


a 


10 

^brklll.R (kpc) 




0.1 


30 _ 
28 

: p 

26 : Ps 
24 1 
22 : 
20 : 
18 : 
16 : 
0.1 


1.0 

RbrkIII.R/R; 


25 


Barred Unbarred 

0.31±0.61 0.76±0.38 

-0.26 ±0.08 -0.21 ±0.07 

0.418 0.705 

3.8E-01 2.2E-05 




E08 & Gil: 
• Unbarred 


Unbarred 

2.85±3.28 

19.40±0.44 

0.518 

1.3E-03 



1.0 

^brklll.R /R; 


25 


Barred Unbarred 

4.60±5.78 5.83±2.70 

21.77±0.69 22.02±0.42 

0.737 0.772 

6.0E-02 4.1E-07 


1.0 

^brklll.R /R 2£ 




10 

RbrkIIl,3.6 (^P C ) 



lv brkIII,3.6 


(kpc) 

Unbarred 


Barred 
2.00±1.61 1.88 ±1.46 

17.30 ±1.47 17,28±1.24 

0.527 0.504 

5.8E-03 1.1E-02 


Unbarred 
r Barred 


10 

RbrkIII.3.6 (kpc) 



10 

RbrkIIl,3.6 (kp c ) 


cp 32 
o 30 

m 

£ 28 

cO 

£ 26 

jl 24 

ri 22 
1 20 
^ 18 


Barred 

2.38±1.72 

21.59±1.72 

0.485 

3.9E-02 



(kpc) 


,r/R2J 


10 

RbrkIII,3.6 (kpc) 



0.1 

10.0 r - 


2 20 - 
6 


30 

f" 28 

1 26 
o 

& 24 

OX) 

d 22 
20 
o; 18 
^ 16 


1.0 

RbrkIIl,3,6 /R 2£ 



1.0 

RbrkIIl,3.6 /R; 


'25 


Barred Unbarred 

3.48± 1.32 1.64±2.36 

19.20±0.28 19. 11 ±0.43 

0.648 0.298 

4.3E-04 1.3E-0I 


Unbarred 
r Barred 


1.0 

RbrkIIl,3.6/R2£ 



1.0 

^brklll,3.6 /R« 



.e/R2£ 


Fig. 3: The same as Fig.Q] but for barred and unbarred galax¬ 
ies in the R band (see Table s[2]|4]i. The linear fits performed to 
barred and unbarred galaxies are overplotted only if they are 
significant (yellow solid line: barred galaxies, green dashed 
line: unbarred galaxies). The results of the linear fits are in¬ 
dicated at the top of each panel. The errors of the fits shown 
in the panels have been symmetrized for simplicity (the results 
are available in the corresponding Tables). See the legend in 
the panels. 


Fig. 4: The same as Fig. (2] but for local antitruncated barred 
and unbarred galaxies in the 3.6 /am band (see Table s[2]l4]) . See 
the caption of Fig. [3] 


but they exhibit low values of the Pearson coefficient p (e.g., the 
jttbrkm - ^brkin trend in 3.6 pm in Fig. [2]). In these figures, we 


Article number, page 5 ofQH 
























have written the results of the most relevant fits which are being 
compared at the top of each panel even when the correlations are 
not significant. For simplicity, we have symmetrized the error 
interval of m and Co in the figures, but the asymmetrical upper 
and lower errors really obtained for the coefficients of the fits are 
available in Tables[2][7] 

The characteristic scalelengths are plotted in logarithmic 
scales in all figures, because the correlations exhibit more de¬ 
fined linear trends in this way than using linear scales. In many 
photometric planes, we have normalized the characteristic scale- 
lengths (h[, h a , /?brkin) to the optical radius of each galaxy. We 
have defined this following E08 and Gil, i.e., as the radius of 
the isophote with p = 25 mag arcsec 2 in the B band (R 2 5 ). 
These authors provide /G 5 for each galaxy in their samples, so 
we have used their tabulated values directly. The values of /G 5 
for the galaxies in the L14 sample have been obtained from Hy- 
perLedty, and include a correction for Galactic extinction and 
inclination effects. 


4. Results 

In Section ldTl we discuss the trends and correlations found 
in several photometric planes for the different morphological 
types and for barred and unbarred galaxies in the two datasets 
(R and 3.6pm). In Section l4~2l we compare the slopes and Y- 
intercepts of the linear trends fitted in each photometric plane 
for SOs and spirals, as well as for barred and unbarred. The 
fits obtained for the /Gbaud and 3.6 pm data are only compared 
in the photometric relations exclusively relating characteristic 
scalelengths. 

4.1. Trends and scaling relations 

4.1.1. Trends with /?brkin 

Figures[I] and [2] show the trends of several photometric pa¬ 
rameters of the inner and outer discs of Type-III galaxies with 
^brkin and //brkiii /^25 in the R and 3.6pm bands, respectively. 
The two top rows of the figures display the trends of the inner 
and outer disc scalelengths with /? b rkin by Hubble types in each 
band, in logarithmic scale. The distributions of spirals and SOs 
are similar in these planes and overlap. 

The main result is that log(/ii), log (h D ), pop po, 0 , and p br km 
correlate strongly with log(/? b rkm) in both spirals and SOs (all 
these trends have p$ < 0.05), and furthermore, similar cor¬ 
relations are obeyed for the different spiral types surveyed by 
each sample (Sa-Sab and Sb-Sbc in both bands, and Sc-Scd in 
3.6 pm) within the observational uncertainties. The dispersions 
around the fitted linear trends in SOs and spirals are similar in 
both bands, although the linear trends of logf/z;) and log(/z 0 ) with 
log(/?brkiii) are better defined in 3.6 pm than in R (i.e., they have 
higher values of the linear correlation coefficient p), whereas it 
is the opposite in the trends involving po^, po, 0 , and yUbi-kin (this is 
noticeable just by visual inspection of the trends). 

The only diagrams in which spirals (globally or by types) 
show no significant correlation according to the Spearman rank 
correlation test are h 0 - /? b rkm in R and po,i or /z (l o versus /? b rkm 
(or Rbrkni/^ 25 ) in 3.6 pm. The first may be only a question of the 
lower statistics of the /Gband sample as compared to the 3.6 pm 
subsample, because the analogous plane in 3.6 pm shows signif¬ 
icant linear correlations for all spirals and by their (sub-)types. 


1 HyperLeda database is available at: http://leda.univ-lyonl.fr/ 


and the data distributions in both planes are quite similar. Corre¬ 
spondingly, the distributions of SOs and spirals in the diagrams 
of po i (or p 0 ,o) - ftbrkin and p 0 ,i (or p 0 , o ) - ftbikm/^s in 3.6yum 
are also similar to the analogous distributions in the same dia¬ 
grams of the R band (compare the panels corresponding to po A 
in both figures), so the lack of significance in the correlations in 
3.6 pm might also be a question of small numbers. 

The trends of these photometric parameters with 
log(/?brkm/^ 25 ) present similar or even higher values of 
linear correlation (as measured by p) than with log(/? b rkin)- In 
general, the correlations of pop po, 0 , and pbrkin improve when 
^brkin is normalized to the optical size of the galaxy (in partic¬ 
ular, compare the trends and the Pearson coefficients of pbrkin - 
^brkin and p brkm - / 4 rkm//G 5 at the bottom panels of Figs.[T|and 
|2}. The values of pop po.<„ and pbrkin in Type-III discs are fainter 
as the breaks are more external (see the corresponding panels 
in the figures). However, these values seem to be more closely 
linked to the relative location of /?brkin with respect to the outer 
radius of the galaxy (as measured by R 15 ) than to /? b rkin- 

In Figs.[3]and[4]we plot the same photometric planes as in 
Figs. □ and [ 2 ] but distinguishing between barred and unbarred 
galaxies. Again, the linear fits performed to the barred and un¬ 
barred galaxies have been overplotted only if they are significant. 
The majority of the photometric planes show significant scaling 
relations for both barred and unbarred galaxies in the two bands. 
The trends fitted to the barred galaxies look similar to those ob¬ 
tained for unbarred galaxies within the observational dispersion, 
as derived from the fact that the distributions for the two galaxy 
classes practically overlap in the diagrams. This suggests that 
bars seem to affect these scaling relations very little (at least, 
within the uncertainties implied by the data samples). 

The only relations which are not significant in Figs. [3] and 
[4] are the trends involving h 0 and po.o for barred galaxies in R 
and the po , - Ingf/^bikiir / R 25 ) trend in 3.6pm for the unbarred 
galaxies. But again, the lack of correlation in each band may 
reflect the low statistics of the samples. 

The linear trends for barred and unbarred galaxies are very 
well defined in the 3.6pm dataset in the planes involving /z; and 
h Q while those relating pop po, 0 , and pbi-kin with log(/ 4 rkin) have 
higher p values in the R band (as also happened in Figs. [I] and 
[2] for SOs and spirals). In any case, the trends in the photomet¬ 
ric planes described by the /Gbarul dataset look similar to their 
3.6pm analogs taking into account the data dispersion. Again, 
we find that the linear correlation coefficients of the trends relat¬ 
ing pop po.o, and p bl -kin with log(/? brkIII ) tend to improve if /? b i-kiii 
is normalized to /? 25 , for both barred and unbarred galaxies (see 
the three rows of panels at the bottom of Figs.[3]and[4|i. 

Summarizing, we have found that the inner and outer discs 
of antitruncated spirals obey tight photometric scaling relations 
with /? br kin, as iBorlaff et al. ( 2014 ) discovered for Type-III SO 
galaxies. The trends for each type look similar among different 
morphological types and among barred and unbarred galaxies 
within the dispersion of the data in the planes. This result sug¬ 
gests that antitruncations and bars are structurally independent 
phenomena in galaxies. 

4.1.2. Trends with h, and h 0 

In Figs.0and[6]we analyse the basic scaling relations obeyed 
by the inner and outer discs of Type-III galaxies in R and 3.6 pm 
respectively. We show the photometric planes also normaliz¬ 
ing h\ and h Q by /G 5 . The different morphological types (SOs 
and spirals, as well as by Hubble types) yield significant linear 
relations in these photometric planes too, again similar among 
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Trends with h\ and h Q in R (SOs/spirals) 


Trends with /t; and h a in 3.6/vnt (SOs/spirals) 



0.1 1.0 10.0 too 0.1 1.0 

h i,n ( k P e ) hi,H/R 25 


Fig. 5: Scaling relations between the parameters of the inner 
and outer discs of local antitruncated SO-Sbc galaxies in the R 
band from E08 and Gil samples (these results are in Tables[5] 
and[ 6 ]). See the caption of Fig.Q] 



^1,3.6 ( k P c ) hi,3.6/R25 


Fig. 6 : The same as Fig.[5J but for local antitruncated SO-Scd 
galaxies in the 3.6 fim band from the L14 sample (the results 
are in Tables[5]and[6]). See the caption of Fig. [2] 


them within the observed data dispersion. The distribution in the 
planes of spirals and SOs overlap also in these diagrams. 

L14 already reported that the two exponential sections of 
galaxy discs of Types II and III in their sample independently 
satisfied the basic scaling relation observed in pure exponential 
discs between their central surface brightness and their scale- 
lengths, although they did not distinguish between different Hub¬ 
ble types in their Fig. 11. The two top panels in the first column 
of Fig. [ 6 ] show that this result also applies for different morpho¬ 
logical types (SO, Sa-Sab, Sb-Sbc, and Sc-Scd) and spirals in 
general, and that it can be extended to the R band (see the corre¬ 
sponding panels in Fig. [5}. 

Again, the linear correlations involving //(>,; and /vq.o improve 
noticeably when the disc scalelengths are normalized to R 25 for 
the two main galaxy types being considered (compare the left 
panels with the right panels in the two figures). This is more 
striking in the 3.6 fim trends, where this improvement can be no¬ 
ticed by visual inspection: the dispersion around the fitted linear 
trends in the /ro.i - h, and // () o - h Q plots is significantly reduced 
in Fig. [ 6 ] when h, and /;„ are normalized to A3 5 . Moreover, p in¬ 
creases significantly for both SOs and spirals in the two planes 
after this normalization. 

The bottom panels of Fig. [ 6 ] show that log(/j;) and log(/z 0 ) 
correlate linearly in both SOs and spiral galaxies in the 3.6//m 
band (in fact, this applies independently for Sa-Sab, Sb-Sbc, 


and Sc-Scd types). In contrast, no significant trends are found 
in R , except for the SOs (see the same panel in Fig. 0). Note 
that the log(/z 0 ) - log (hi) trends in 3.6/zm do not improve if the 
scalelengths are normalized to R 25 (compare the bottom panels 
of Fig.©. 

We have plotted the same photometric relations in Figs.[7]and 
[ 8 j but now differentiating barred from unbarred galaxies. The 
linear fits obtained for each galaxy class (barred vs. unbarred) 
have been overplotted only if the correlations were significant 
according to the Spearman rank correlation test, as above. The 
figures show that barred and unbarred galaxies overlap in these 
diagrams and follow tight scaling relations in them, similar 
within the observational dispersion. Therefore, these scaling re¬ 
lations seem to be independent of the existence of a bar in the 
galaxy within the observational uncertainties, again suggesting 
that bars and antitruncations are structurally unrelated phenom¬ 
ena. 

In conclusion, we have found that the inner and outer discs 
of Type-III spirals obey tight scaling relations too, as observed in 
Type-III SO galaxies. Again, we find that the existence of bars in 
the galaxies affect negligibly to these scaling relations within the 
observational uncertainties and that the relations in the /ro.i - h\ 
and [i 0,0 - h a planes significantly improve when the scalelengths 
are normalized by R 25 . 
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Trends with h\ and h 0 in R (barred/unbarred) 


Trends with /z; and /z 0 in 3.6 pm (barred/unbarred) 
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Fig. 7: The same as Fig.[5J but for barred and unbarred galaxies 
in the R sample (the results are available in Tables[5]and[6]i. See 
the caption of Fig.0 
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Fig. 8 : The same as Fig. [ 6 ] but for barred and unbarred galaxies 
in the 3.6 pm sample (the results are in Tables[5]and[6]>. See the 
caption of Fig.|4] 


4.1.3. Trends with R 2 5 

As shown above, the linear correlations between the char¬ 
acteristic surface brightness values and the scalelengths become 
better defined in many photometric planes after normalizing the 
relevant parameters to R 2 5 - We have analysed the trends between 
these characteristic scalelengths (/z;, /z Q , and Rbrkm) and R 2 s in 
Fig.[9]for several galaxy types. First, the values of /\’ h ,kin. /z;, and 
h Q span similar ranges for a given R 25 in both R and 3.6 p m, im¬ 
plying that both bands must be sampling the same type of breaks, 
but in different wavelength ranges. 

In R , only the SOs exhibit significant trends of log(/z;), 
log(/z 0 ), or loglA’brkin) with logics), despite the fact that SOs and 
spirals basically overlap in all planes (left panels in the figure). 
However, the 3.6 pm dataset shows well-defined linear correla¬ 
tions for SOs and spirals, as well as for spiral sub-types in these 
diagrams (right panels). The trends look similar among them, 
as observed in the photometric parameters analysed previously. 
Again, the distributions of the R-band and .3.6 pm data are sim¬ 
ilar in the same photometric planes, so the lack of correlations 
for spirals in R might be due to the small numbers in the sample, 
as commented above. 

The scaling relations in the right panels of Fig. [9] relate the 
size of the galaxy computed from an optical blue band ( B ) with 
the structure of the inner and outer discs observed in a NIR band 
(3.6 pm), indicating that there is a clear size scaling in these 
galaxies, such that larger (Type-III) discs have larger inner and 


outer disc scalelengths, and hence larger break radii. These scal¬ 
ing relations may present higher dispersion because R 25 is mea¬ 
sured in the B band by definition, a band which is not a proxy 
of the galaxy stellar mass certainly, whereas hi, h Q , and Rbrkiii 
have been derived using data in much redder bands. However, 
the effects of dust in the B band must be very limited at radial 
locations near R 25 in the discs, so we can assume that in prac¬ 
tice the B band does trace the stellar mass similarly to the R or 
3.6 pm bands at these external radii. Moreover, the systematic 
improvement that we have found in many scaling relations after 
normalizing the scalelengths by R 25 implies that it must provide 
a robust estimate of the size of the stellar distribution, despite 
being computed in a blue band. 


4.2. Comparison of the trends 

In Sections l4~TI we have seen that the scaling relations fol¬ 
lowed by SOs and spirals and by barred and unbarred galaxies 
look similar, both in the R and 3.6 pm bands. Here we analyse if 
there is statistical significant evidence that these relations differ 
within the observational uncertainties. 

In order to do so, we have considered the relative differences 
between the fitted values of the slopes and T-intercepts for each 
trend in the two pair of datasets compared in each case (SO - 
spirals, barred - unbarred). We define the relative difference of 
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Fig. 9: Trends of R 25 with h,, h a , and /?brkin in local antitruncated 
SO-Scd galaxies in the R and 3.6//m samples (left and right pan¬ 
els, respectively). The results are tabulated in Table[7] See the 
captions of Figs.[T]and[2] 


the slopes m obtained for one photometric relation i between SOs 
and spirals in a given band as follows: 


A(m, SO - Sp, band) 


m(Sp,band) - m(S0,band) 
//if SO, band) 


(3) 


The errors in A(m, SO - Sp,band) correspond to the error prop¬ 
agation of the expression above, assuming as the error of each 
parameter the maximum between the absolute values of its upper 
and lower errors. Analogously, we have also defined the relative 
differences of the T-intercepts (Co) for the trends fulfilled by two 
datasets being compared, A(Co, SO - Sp, band), and their associ¬ 
ated errors. These A values for m and Co have only been defined 
when the two data samples being compared exhibit statistically 
significant correlations in the photometric relation separately, ac¬ 
cording to the Spearman rank correlation test. 

Even if A (m) and A(Co) in a given trend were nearly zero, 
this does not ensure that the trends can be considered similar, 
because it depends on their errors. However, if A (m) ~ 0 and 
A(Co) ~ 0 with errors below a given (low) percentage, the trends 
of the two samples can be considered similar within these uncer¬ 
tainties. Obviously, we must keep in mind that deeper data can 
reveal differences in these trends that cannot be discriminated 
with the available datasets. 


In Fig.|T0j we compare the relative differences of the slopes 
and T-intercepts of the linear fits performed to the SOs and the 
spirals for each one of the 19 photometric relations analysed in 
Figs. in R and 3.6 fjm (left and right panels, respectively). 
Let us assume that two fitted linear trends can be considered 
similar if the differences in m and Co and their errors are be¬ 
low 25%. The figure shows that, under this criterion, no linear 
trend followed by SOs can be considered similar to the analogous 
one in spirals, either in the R band or 3.6//m. Although A(//i)| 
and |A(Co)| are lower than 0.25 in many trends in each band (i.e., 
their values are contained within the horizontal blue lines in the 
planes of Fig.llOk their errors (in one case and/or another) ex¬ 
ceed this limit. The statistics of the samples are too small to 
conclude that the trends are similar within some reasonable un¬ 
certainty level. 

We have repeated the plot in Fig. [IT] but comparing A (m) 
and A(Co) for the linear trends followed by barred and unbarred 
galaxies. Again, only those trends which are significant in both 
datasets are compared. The figure shows that the errors in these 
relative differences are too high again to conclude that the linear 
trends fitted to Type-III barred galaxies are similar to those of 
unbarred galaxies within uncertainties of 25%, both in R and 
3.6 fjm (left and right panels, respectively). 

The comparison of the trends between distinct bands in¬ 
volving physical scalelengths is also reasonable, because if the 
breaks correspond to a change in the projected stellar density, 
they should be observed at a similar physical location in the disc 
in several bands. Therefore, we have compared the linear fits 
performed to the trends relating two characteristic scalelengths 
in the R and 3.6/.mi bands in Fig. [12] We have again considered 
only the trends which are significant according to the Spearman 
test in both bands. The left panels of the figure compare A (m) 
and A(Co) for the linear trends fitted to the SOs in the two bands, 
while the right ones show the same for those fitted to spirals. 
Although the relative differences of m and Co can be below 25% 
for many trends, the uncertainties are too high to assess that these 
scaling relations observed in R and 3.6 fim are similar. 

In summary, Figs. ll()fll2l show that the observational disper¬ 
sion is too high to robustly discern whether the analysed scaling 
relations are similar (or not) in both SOs and spirals, in barred 
and unbarred galaxies, and in the R and 3.6 fim bands, although 
we do not find either statistical evidence of significant differ¬ 
ences between the compared samples. Deeper data and larger 
samples are thus required to robustly confirm whether these scal¬ 
ing relations of antitruncated discs are really independent of the 
morphological type and the presence (or absence) of bars. 


5. Discussion 

In Section[4] we have shown that Type-III discs obey tight 
photometric scaling relations for galaxy types spanning the 
whole Hubble Sequence. We have found no statistical evidence 
of noticeable differences between the relations followed by SOs 
and spirals and barred and unbarred galaxies, a fact that sug¬ 
gests that the structure of antitruncated discs may be indepen¬ 
dent of the galaxy type and the existence, or not, of bars in the 
galaxy. Although the statistical evidence is not strong, consider¬ 
ing the low numbers and the uncertainties of the available data 
samples, the structural independence of bars and antitruncations 
agrees pretty well with the similar relative frequency of Type-III 
profiles found in samples of barred and unbarred galaxies (E08; 
ISil’chenko]|2009l . Gil; L14). Our results thus support the idea 
that bars and antitruncations are decoupled structures in all mor¬ 
phological types. This does not imply that the two structures 
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Fig. 10: Comparison of the relative differences of slope ( m ) and F-intercept (Co) values obtained from the linear fits performed to 
Type-III spirals versus those performed to Type-III SO galaxies in the photometric planes of Figs.Q]-[9] Left panels: A (in) and A(Co) 
for the /Chand data. Right panels: A(m) and A(Co) for the 3.6 pm data. Only the linear fits of the photometric trends which are 
significant according to the Spearman rank correlation test in the two datasets being compared are plotted. Blue and red horizontal 
dashed lines: limiting values such that the differences in m and Co fitted to the SOs and spirals reach 25% and 100% of their 
values respectively. See the key on the right for the numbers in the X axis representing each photometric relation. Their numerical 
identifiers are the same as those used in Tables[2]-[7] 


have formed independently, as some mechanisms are known to 
trigger th e formation of both kind of features, such as mergers 
or flybys (IWalker et alJll996l : lLang et al.ll2014li . However, this 
is indicative for that bars cannot have induced the formation of 
Type-III discs, as opposed to their tight structural link with Type- 
II discs (see, e.g.. lKim et al.tf2014lf . 

The scaling relations of Type-III discs found in the present 
study impose strong constraints on any formation scenarios pro¬ 
posed to explain the formation of antitruncations, independently 
of whether the relations really depend (or not) on the morpho¬ 
logical type or the hosting of a bar. Accounting for the wide 
diversity of mechanisms proposed to explain the formation of 
anti truncations (see Section[T|), it is challenging to understand 
the physics underlying the scaling relations that we have found 
between Type-III discs across the whole Hubble Sequence. 

The dependence of these features on the environment be¬ 
comes a key to discriminate between these mechanisms. Many 
studies have reported traces of recent or ongoing interactions in 
the outskirts of many Type-III discs, supporting a merging- or 


interaction-related nature dErwin et al .112005 1. L14 found a pos¬ 
itive correlation between the scalelengths of Type-III discs and 
the tidal interaction strength, also pointing to external mecha¬ 
nisms. Coherently, flat and/or positive age gradients prevail in 
galaxies of the three profile types (in particular, of Type-III) in 
the Virgo cluster, contrary to the expectations of scenarios in 
which the formation of these discs were mostly driven by sec¬ 
ular inside-ou t disc growth and/or stella r migrations ( Roediger 
et al. 12012b . So, all these results suggest external processes as 
the main drivers of the formation of antitruncations, probably as 
a result of the gravitational response of the disc to a tidal inter¬ 
action. 

However, in this case we should also expect to find some 
dependence of the structural properties of Type-III discs on the 
local galaxy density. But, on the contrary, the inner and outer 
disc scalelengths and the break strengtlQ of Type-III discs show 
no trends with the environment, either in spiral or SO galaxies 

2 The break strength of Type-II and Type-III profiles is defined as the 
logarithm of the outer-to-inner scalelengths ratio. 
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(Malt bv et al.ll2012aL l2015h . Additionally, similar fractions of 
Type-III SO galaxies are found in both cluster and field environ¬ 
ments, suggesting that the e nvironment hardly affects the outer 
struct ure of these galaxies (lErwin et al .11201 2t iRoediger et al.1 
120121) . How can all these results be reconciled? 

External processes may induce the formation of antitrunca¬ 
tions as the result of gravitational-driven instabilities in the disc 
or through gas/stars accretion in the galaxy outskirts. The tight 
scaling relations found here strongly support mechanisms re¬ 
lated to the dynamical response of discs to tidal forces rather 
than other scenarios. In fact, a gravitational-driven mechanism 
would have three advantages. The first is that this can be in¬ 
duced through a wide diversity of processes (such as those com¬ 
mented in SectionQ}. Secondly, it could provide a feasible ex¬ 
planation for the independence of these scaling relations of the 
Hubble type of the galaxy (although it must be confirmed more 
robustly, as explained above), since just a stellar disc and gravity 
are required to give rise to them. And finally, a gravitationally- 
induced mechanism could also explain some of the apparently 
contradictory results with the environment discussed previously. 
If the processes triggering anti truncations are mostly related to 
gravitational interactions, we expect to find them present in both 
groups and clusters and in similar fractions, because mergers 
and interactions can be equally relevant in both environments 


(Mor an et al.l20Q7 j Wdman_etajj2009 [ PlajjchmFra^n&Coziojj 


l2Q10allbF Bekki & Couchl201 It Viiavaraghavan & Ricker|]2013h . 

Therefore, it is reasonable to find a weak dependence of their 
properties on the tidal interaction field (as reported by L14), but 
we do not expect to find significant trends of the break properties 
with the local density at the same time, because the antitrunca¬ 
tion can have formed through an interaction not related with the 
current environment of the galaxy. 

In any case, these speculative suggestions need to be con¬ 
firmed th rough numerical simulations. At the moment, only Bor- 
laff et al. d2014l) have shown that major mergers are capable of 
producing antitruncated SO galaxies that obey these scaling rela¬ 
tions using N-body simulations. Nevertheless, it is obvious that 
the role of major mergers in the formation of late-type spirals 
must have been quite limited, so at least the Type-III discs in 
Sbc-Sd galaxies require different mechanisms, which also have 
to predict these scaling relations. In particular, sate llite accre- 
tions are known to produce antitruncations (Laurikainen & Salol 

l200ltlPenarrubia et al.l2006l : lYounger e t al. 2007]), inducing sec¬ 

ular evolution in the disc that can couple the inner and outer 
galaxy structure a t the same time (lEliche-Moral et all [2006. 
1201 ll I2012L l2013h . This makes them good candidates to form 
antitruncated stellar discs. However, additional studies demon¬ 
strating the feasibility of this and other mechanisms in reproduc¬ 
ing the scaling relations found here are required. 


6. Conclusions 

We have investigated whether the tight scaling relations re¬ 
cently observed by [Borlaff et al.l (120141) in Type-III SOs are sat¬ 
isfied by antitruncated galaxies of other Hubble types. We have 
used the samples of Type-III galaxies published by E08 and Gil 
in the R band and by L14 in Spitzer 3.6/rm band, as well as 
the characterizations performed by these authors to the surface 
brightness profiles of these galaxies. The //-band dataset con¬ 
sists of 40 antitruncated galaxies with types spanning from SO to 
She, while the 3.6 jum sample has 62 galaxies of SO-Scd types. 
Nearly half of the galaxies in each sample are barred. 

We have analysed the trends followed by SOs and spirals 
(all, Sa-Sab, Sb-Sbc, and Sc-Scd), as well as for barred and 



0 5 10 15 20 0 5 10 15 20 


ID of photometric relation 
21- I. 

c? 


CL) 1 



-2 


0 5 10 15 20 


ID of photometric relation 



ID of photometric relation 


ID of photometric relation 


Fig. 11: Comparison of the relative differences of slope (m) and 
T-intercept (Co) values obtained from the linear fits performed 
to the barred galaxies versus those performed to the unbarred 
galaxies in the photometric planes of Type-III galaxies being 
studied. Left: trends for the /Gbaud data by E08 and Gil. Right: 
trends for the 3.6 i-im data by L14. See the caption and legend of 

Fig-ina 
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Fig. 12: Comparison of the relative differences of slope (m) and 
T-intercept (Co) values obtained from the linear fits performed 
to the 3.6gm data by L14 versus those obtained from the //-band 
data by E08 and Gil in the photometric planes relating physical 
scalelengths under study. Left: trends for the SO galaxies. Right: 
trends for spirals. See the caption and legend of Fig. [TO] 
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unbarred galaxies, in several planes relating the characteristic 
photometric parameters of the breaks (/ibrkiiu ^bi-km) and of the 
inner and outer discs of these anti truncated galaxies (//o.i, hi, //o j0 , 
h 0 ), for the R and 3.6pm datasets separately. We have used the 
Spearman rank correlation test to select the correlations which 
are significant at 95% of confidence level. Linear fits have been 
performed to the trends followed by each galaxy type in each 
photometric plane and the Pearson’s coefficient has been used to 
measure the level of linear correlation. 

We have obtained the following results: 

1. The antitruncated discs of spirals (taking them all together, 
or dividing them into Hubble classes) obey tight photometric 
relations, like those observed in SO galaxies, both in the R 
and 3.6pm bands. 

2. The antitruncated discs of barred and unbarred galaxies 
also follow tight photometric relations, again both in R and 
3.6 pm. 

3. The majority of these correlations have high statistical sig¬ 
nificance despite the relatively low numbers of the available 
datasets, showing clear linear trends when hi, h Q , Zorkin, and 
7?25 are plotted on a logarithmic scale. This implies the ex¬ 
istence of strong scaling relations in the Type-III discs of all 
Hubble types between their characteristic parameters (hi, h a , 
Pop Po,o> Pbrkiii) and /^brknii as well as between the parame¬ 
ters of the inner and outer discs (po i - h\, po 0 - /z 0 , and /z; - 

h 0 ). 

4. The correlations between pop po, 0 , or pbrkiii with the loga¬ 
rithm of the characteristic scalelengths (hi, /z Q , or Zorkin) im¬ 
prove significantly when the scalelengths are normalized to 
R25- 

5. The logarithm of the characteristic scalelengths of anti trun¬ 
cated discs (hi, h a , and /?brkin) scale with logf/Ls) for all 
galaxy types in 3.6pm. In R, the linear trends are less tight 
and lose significance in spiral types. 

6. The observational uncertainties of the data samples are too 
high to discern robustly whether the analysed scaling rela¬ 
tions are similar (or not) in SOs and spirals, barred and un¬ 
barred galaxies, and in the R and 3.6pm bands. However, 
no statistical evidence is either found of significant differ¬ 
ences between the relations followed by SOs and spirals and 
by barred and unbarred galaxies within errors. This result 
suggests that the scaling relations of antitruncated discs are 
independent of the morphological type and the presence or 
absence of bars. Deeper data and larger samples are required 
to confirm these results robustly. 

In conclusion, the tight scaling relations found in the present 
study for Type-III discs impose strong constraints on any forma¬ 
tion scenarios proposed to explain the formation of antitrunca¬ 
tions in stellar discs across the Hubble Sequence, independently 
of whether the relations really depend (or not) on the morpho¬ 
logical type or the hosting of a bar. 
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Table 2: Linear fits performed to the trends of Type-III galaxies in the photometric planes relating h, and li D with /?brkm 






1) log(/?j) vs. log(tf brkln ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0 71 +017 
' 1 -0.16 

0 65 +0,28 

U,UJ -0.34 

0.80!^ 

0.38 *$ 

0 90 +0 - 58 

-0.41 


0.82*$ 

0 69 +031 
-0.26 


1 006 +0089 
1,uuu -0.087 

0 97 +015 
yj ‘ y ' -0.11 

1.053 *$■> 

0-98 *033 

0 91 +0 - 23 
K, - yL -0.36 

0.85 *$ 

0-96 

1 05 +014 

A,UJ -0.15 

Co 

-0 36 +015 
-0.16 

-0 30 +0 - 34 

w -0.25 

-0 44 +0 - 24 
-0.32 

-0 02 +0 3 ° 
U - UZ> -0.35 

-0 55 +0 33 

-0.54 


-0.48 ^ 

-0 32 +0 - 25 

-0.29 


-0 613 +0081 
U,U1J -0.081 

-0 62 +o n 
-0.13 

-0 59 +01 ° 
^• Jy -0.10 

-0 62 +0 - 26 
w ' uz ' -0.22 

-0 57 +0 - 36 

-0.17 

-0-57 *$ 

-0 59 +014 

XJ - jy -0.14 

-0 62 +014 
w -0.13 

P 

0.823 

0.740 

0.877 

0.706 

0.857 


0.856 

0.761 


0.896 

0.869 

0.939 

0.791 

0.775 

0.833 

0.932 

0.861 

Ps 

7.08e-l1 

2.89e-04 

1.87e-07 

1.02e-02 

1.37e-02 


2.34e-05 

1.55e-05 

7.96e-23 

2.39e-10 

5.24e-15 

2.62e-04 

4.08e-02 

1.02e-02 

1.90e-13 

1.35e-10 

Npairs 

40 

19 

21 

12 

7 


16 

24 


62 

31 

31 

16 

7 

8 

29 

33 




2) log(hi/R 25 ) vs. log(^ brkIII /f?25) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0 62 +014 
-0.13 

0 60 +017 
u,uu -0.22 

0 65 +0 - 52 
U,UJ -0.26 

0 52 +0 - 23 
_o .28 

0-77*$ 


0 77 +0 - 21 
' ' -0.16 

0 57 +0 - 28 
-0.20 


0 649 +0113 
_ 0 099 

0 65 +0 ' 27 
U,UJ -0.20 

0-74 *$ 

0 56 +0 ' 36 

-0.19 

0-88 tf 7 

0.85 

0 67 +019 
u,u/ -0.12 

0 67 +019 
u,u/ -0.18 

Co 

-0 619 +0024 

u.ui^ _ 0 .023 

-0 629 +0 037 

_ 0 .038 

-0.608 *$« 

-0 627 +0 042 

u.uz,/ _ 0 049 

-0 641 +0 060 

u.u-+i _ 0081 


-0 636 +0039 

vj.uju _ 0 038 

-0 601 +0 042 
W * UWA -0.040 


-0 625 +0 018 
U,U ^ J -0.018 

-0 657 +0 026 
U,UJ/ -0.026 

-0 569 +0 03 ° 

u.jvy _ 00 3i 

-0 644 +0 040 

U.UH--+ _ 0038 

-0 651 +0 037 

v.vui -0.037 

-0-686!^ 

-0 637 +0 026 

_ 0 027 

-0 597 +0 035 

! _ 0 037 

P 

0.800 

0.721 

0.806 

0.762 

0.750 


0.847 

0.766 


0.801 

0.860 

0.871 

0.782 

0.893 

0.619 

0.859 

0.770 

Ps 

5.79e-10 

4.95e-04 

1.01e-05 

3.95e-03 

5.22e-02 


3.47e-05 

1.28e-05 

5.42e-15 

5.86e-10 

1.87e-10 

3.41e-04 

6.81e-03 

1.02e-01 

2.45e-09 

1.64e-07 

N pairs 

40 

19 

21 

12 

7 


16 

24 

62 

31 

31 

16 

7 

8 

29 

33 





3) log(/t 0 ) vs. log(^ brkm ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0.72^ 

0 49 +035 
u ^ y -0.47 

1 00 +0M 
AAAU -0.40 

0 31 +0 4 ° 

-0.31 

0.51 


0 27 +0 28 

-0.45 

0 99 +0 - 36 

v yy _o.37 


1-08 

1 03 +03 ° 
-0.18 

1 16 +018 
ilu -0.19 

1 05 +045 

i .wj _ 0 29 

0.67 *$ 

0 98 +0 - 42 
-0.29 

1 05 +0 - 26 
A,UJ -0.26 

t i n +0.24 
A - AZ ' -0.17 

Co 

0 04 +0 - 23 
-0.21 

0-26 

-0 25 +0 34 

-0.42 

0 47 +0 - 30 
' -0.37 

0 16 +217 

1 u -0.47 


0 39 +0 - 43 
Kj ‘ jy -0.21 

-0 20 +0 - 36 
-0.34 


-0 39 +o n 
-0.12 

-0.38 *$ 

-0 43 +019 
-0.16 

-0 37 +033 

-0.37 

-0 07 +0 - 43 

-0.52 

-0 44 +0 - 31 
-0.35 

-0 42 +0 - 25 
-0.22 

-0 39 +016 
-0.20 

P 

0.594 

0.391 

0.798 

0.448 

0.107 


0.363 

0.675 

0.868 

0.839 

0.900 

0.824 

0.714 

0.976 

0.918 

0.882 

Ps 

1.07e-04 

9.77e-02 

7.30e-05 

1.45e-01 

8.19e-01 


2.23e-01 

2.98e-04 


7.07e-20 

3.83e-09 

5.97e-12 

8.84e-05 

7.13e-02 

3.31e-05 

2.45e-12 

1.14e-l 1 

N pairs 

37 

19 

18 

12 

7 


13 

24 


62 

31 

31 

16 

7 

8 

29 

33 




4) log (h 0 /R 2S ) vs. log(^ brkIII //? 25 ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0 60 +018 
UUVJ -0.17 

0 54 +0 - 30 
-0.31 

0.80 

0 42 +0.24 
-0.23 

0-8^ 


0-31 ^ 

0 76 +0 38 
' u -0.26 


0 73 +0 - 22 

IJ -0.18 

0 59 +0 42 

yj jy -0.25 

0 92 +0 - 37 

-0.32 

q 40 +0.55 

\j.^ y _ Q 27 

0.81 *$ 

1 2 +L2 

A - z ' - 1.0 

0.85 *$ 

0.75*$ 

Co 

-0 220 +0 041 
-0.040 

-0 216 +0 066 
u.z,iu _ 0 068 

-0 245 +0080 
-0.082 

-0 206 +0 056 
w -0.058 

-0.25 *$ 


-0 259 +0 072 

yj.Ajy _ Q076 

-0.208 :° 0 ° 0 f 6 


rv ooo +0.033 

~\J.DDD _ 0 030 

-0 363 +0 052 

V-JVJ _ 0 043 

-0 298 +0 058 

v.^yo _ 0060 

-0 374 + 0 086 
-0.066 

O 3S3 +0-089 

-V.JJJ _q Q93 

-0 441 +0 073 
u -^ +A -0.047 

n 7201 +0.055 
-U.381 _ 0 044 

n 9Q7J +0.057 
_o.052 

P 

0.614 

0.619 

0.581 

0.608 

0.571 


0.264 

0.753 

0.753 

0.683 

0.865 

0.624 

0.643 

0.786 

0.893 

0.739 

Ps 

5.30e-05 

4.69e-03 

1.15e-02 

3.58e-02 

1.80e-01 


3.84e-01 

2.17e-05 

1.65e-12 

2.29e-05 

3.36e-10 

9.86e-03 

1.19e-01 

2.08e-02 

7.69e-ll 

9.21e-07 

N pairs 

37 

19 

18 

12 

7 


13 

24 


62 

31 

31 

16 

7 

8 

29 

33 


Comments: For each photometric relation, we list the results obtained from the linear fits performed to the various galaxies sub¬ 
samples in columns (all galaxies, spirals, SOs, Sa-Sab’s, Sb-Sbc’s, Sc-Scd’s, barred galaxies, and unbarred ones). The first row 
of results in each parameter (for each relation and galaxy subsample considered) corresponds to the fits performed to the data in 
the R band, while the second row corresponds to the results in the 3.6pm band. In each linear fit, we provide the slope (in), the 
T-intercept value (Co), the Pearson coefficient of linear correlation (p), the Spearman rank probability of random correlation ( p s ), 
and the number of data pairs available for each fit (see Section[3]for more details). 
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Table 3: Linear fits performed to the trends of Type-III galaxies in the planes relating po.i and po ,, with /?bikm 






5) po.i vs. log(/? brkm ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

3 1 +L7 

J - 1 -1.3 

9 q +2.4 
_ 2 7 

3 5 +3-2 

-1.9 

1 5 +2J 

-3.1 

4 5 +3 - 4 

-7.6 


4 8 +2-3 
- 2.2 

2 5 +2 ‘ 8 
- 1.8 


i 79 +0.91 
A,/z ' -0.91 

1 0 +L5 

L ‘ yj -1.3 

2 6 +u 
^• u -i.i 

1 1 +1 9 

1,1 -2.3 

0 4 +4/7 

-5.5 

-0 9 +4 5 

-2.3 

2 0 +L3 
- 1.6 

1 9 +L4 

A -^ -1.5 

C 0 

16 5 +1 - 2 

-1.4 

16.5 +§j 

16.4 +£* 

17-9 

15-1 + 2/7 


15 0 +21 

1 j.u _ 20 

17 2 +L4 


17 43 +a79 

1 / -HO _Q 77 

17.9 

16 9 +L1 

18-0 If g 

18.1 

1 9 2 +2 4 
VyZj -3.0 

17.3 +J;f 

17.3 +I ; 2 

P 

0.595 

0.484 

0.703 

0.436 

0.643 


0.829 

0.447 

0.508 

0.292 

0.687 

0.394 

-0.214 

-0.310 

0.499 

0.439 

Ps 

6.46e-05 

4.18e-02 

3.78e-04 

1.80e-01 

1.19e-01 


1.32e-04 

2.85e-02 


2.51e-05 

l.lle -01 

1.96e-05 

1.31e-01 

6.45e-01 

4.56e-01 

5.82e-03 

1.05e-02 

N pairs 

39 

18 

21 

11 

7 


15 

24 


62 

31 

31 

16 

7 

8 

29 

33 




6 ) Po.i vs. log(f? blk in/f?25) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

3.3 ™ 

2 9 +L9 
^ _ L9 

4 4 +6.3 
- 2.8 

17^ 

5 3 +2 ‘ 7 

_2.4 


5.3 + _2 l 2 

2 9 +3 3 
- 1.8 


2-0 T};f 

0 7 +2 6 

w,/ -2.4 

4-0+!| 

0.8 ™ 

-0 9 +71 

^ ^ -2.5 

a q +7.4 

4.0 _ 1Q7 

3 5 +L3 

-1.3 

1 6 +2 - 4 

A,u -2.4 

C 0 

19 29 +0 - 23 
_ 0 21 

19-24 

19.28 + _° 0 f 0 

1Q 4? + 0 - 36 
Ly ^ -0.46 

18 92 +0 39 

LO ' y * -0.45 


19 13 +0 - 33 

iy.ij _ 031 

19 40 + 0 - 44 

17 -0.35 


19 09 +0 21 
_ 0 21 

18-84 t” 

19 58 +025 

iy.jo _ 029 

19 14 + 0 - 37 
_o.38 

18-37 

18-54 

19 20 +0 - 26 

Ly.z.\j _ 02g 

19 li +o- 4 o 
1:711 -0.43 

P 

0.702 

0.616 

0.788 

0.627 

0.750 


0.781 

0.617 


0.431 

0.194 

0.747 

0.113 

-0.143 

0.095 

0.611 

0.268 

Ps 

6.52e-07 

6.48e-03 

2.20e-05 

3.88e-02 

5.22e-02 


5.87e-04 

1.33e-03 

4.70e-04 

2.95e-01 

1.37e-06 

6.76e-01 

7.60e-01 

8.23e-01 

4.31e-04 

1.32e-01 

A'pairs 

39 

18 

21 

11 

7 


15 

24 


62 

31 

31 

16 

7 

8 

29 

33 





7) p 0 ,o vs. log(fl brkra ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

4 8 +L3 

^*° -1.4 

4 7 +2.3 
' _ 29 

5-0!^ 

6 2 +2 - 2 
u.z, _ l 9 

9 9 + 6.8 
- 20.0 


3 2 +3 - 7 

-4.7 

5 4 +L7 
- 1.8 


2 06 +11 ° 
z,.uu _ 094 

1 5 +L7 

A - J -1.3 

2.8 U;? 

1 5 +2 - 6 
- 2.0 

-0-5 Hi 

1 2 +2-6 

A>z ' -3.0 

2 7 +L7 

^ ' -1.7 

1 9 + 2-0 

i y -1.4 

Co 

17 6 +L3 

1 /,u -1.3 

17-7 +23 

17-5 If! 

i 6 .i tn 

18.8 +‘ 9 6 2 


18.9 

17.2 Lj;f 


19 25 +0 85 
_ Q 94 

19.8 +£ 

18-4 +!; 1 ; 

20.0 +!£ 

21 1 +6A 
Z ' A - A -4.6 

19 9 + 2 - 3 
iyy - 2.0 

18.7 +JJ 

19.2 ![; 2 

P 

0.644 

0.561 

0.712 

0.827 

0.250 


0.467 

0.703 

0.452 

0.339 

0.569 

0.409 

0.071 

0.405 

0.465 

0.416 

Ps 

3.93e-05 

1.55e-02 

1.98e-03 

1.68e-03 

5.89e-01 


1.74e-01 

1.29e-04 


2.28e-04 

6.23e-02 

8.47e-04 

1.16e-01 

8.79e-01 

3.20e-01 

1 . 10 e -02 

1.60e-02 

N pairs 

34 

18 

16 

11 

7 


10 

24 


62 

31 

31 

16 

7 

8 

29 

33 




8 ) Po.o vs. log(f? brk ni/7J25) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

5 5 +L2 

5 4 +1 - 6 
_ 17 

S Q +4.9 
J ' y - 2.8 

4 Q +2.5 
^ -1.4 

6 5 +3 6 

-10.3 


4 6 +21 

-5.8 

5.8 


4 0 +L4 

-1.5 

2 5 +2 - 8 

^ -3.0 

5-9 lf° 

2 9 +2 ‘ 9 

^ -4.5 

-0 4 +81 

-5.4 

7.6 

6.0 

3 5 +2 ‘ 3 

-2.5 

Co 

9 1 Q 7 +0.26 

Al ‘ yi -0.25 

22 01 +0 - 40 
_ 036 

21-81 Tel 

99 90 +0.40 
_ Q 35 

21 63 +0 " 
z,i,UJ - 0.66 


9 i 9 n +0.69 
ZA ‘ / ' -0.55 

22 02 +0 41 
-0.42 


21 31 +0 ‘ 23 

_q 22 

21 24 +0 - 37 
_ 034 

21 42 +0 - 31 
_ 0 32 

21 59 +a56 

z,i.j y _ 045 

20 74 +0 - 74 

Z,U. / H- _ 0 74 

20.86 

9 1 9Q +0.30 
Ai.±y _ Q27 

9 i 99 +0.42 
Z,A - Z,/ -0.40 

P 

0.774 

0.819 

0.709 

0.836 

0.786 


0.612 

0.834 

0.667 

0.435 

0.844 

0.409 

-0.143 

0.619 

0.859 

0.488 

Ps 

7.76e-08 

3.25e-05 

2. lle-03 

1.33e-03 

3.62e-02 


6 . 00 e -02 

4.15e-07 

3.13e-09 

1.44e-02 

2.38e-09 

1.16e-01 

7.60e-01 

1 . 02 e -01 

2.45e-09 

4.00e-03 

N • 

L v pairs 

34 

18 

16 

11 

7 


10 

24 


62 

31 

31 

16 

7 

8 

29 

33 


Comments: See the notes of Table[2] 
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Eliche-Moral et al.: Photometric scaling relations of antitruncated stellar discs in SO-Scd galaxies 


Table 4: Linear fits performed to the trends of Type-III galaxies in the photometric planes relating pbrkin with AVkiii 





9) Pbrklll VS. log(^brklll) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

6-0 t\i 

7 9 + 2.6 
-3.3 

4-6^ 

Q 'X + 2.2 
y.j _ 21 

6 0 +5 9 

U.U _ 9 J 


7 0 +3 - 1 
' u - 2.6 

5 1 +2 - 2 

-2.3 


1.761^ 

15 -!:! 

2 0 +16 
^ - 1.5 

i-4 in 

1-5 - 4 A 

1 2 +23 

A,z ' -3.8 

9 4 +1-6 
^ -1.7 

i.5!l 

C 0 

18.2 ^ 

17-0!^ 

19 7 +21 
A:7,/ -1.4 

i4 - 7 S 

18-5 


17 7 +2 4 

19.0!“ 


21.83 

22 3 +L1 
- 1.0 

21 2 +L5 
Z,A - Z ' -1.6 

22 4 +L7 
-1.8 

21-8 

22 9 +2 9 
-1.9 

21-6!!;? 

21.7 + _\\ 

P 

0.712 

0.773 

0.703 

0.897 

0.643 


0.964 

0.623 


0.380 

0.397 

0.411 

0.364 

0.559 

0.310 

0.385 

0.345 

Ps 

2.39e-06 

1.70e-04 

2.38e-03 

1.78e-04 

1.19e-01 


7.32e-06 

1.15e-03 


2.29e-03 

2.68e-02 

2.16e-02 

1.66e-01 

1.92e-01 

4.56e-01 

3.91e-02 

4.93e-02 

A'pairs 

34 

18 

16 

11 

7 


10 

24 


62 

31 

31 

16 

7 

8 

29 

33 




10) Pbrklll VS. log(7?b 

rklll/ 7^25) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

7 do +0.80 

/.Jo _ 074 
5.36 +1% 

7 6 +L2 

'• u -l.i 

4 4 + 2.2 

-3.1 

7 0 +41 
- 1.6 

6 31 +075 

-0.74 

7 cq + 1.66 
' -0.63 

5-1 Hi 

7 4 +7-6 
' -4.3 

0 5 +72 
_ 2.6 

5.9133 

7 9 +1.5 
_2.4 

6 66 +0 54 
uuu -1.09 

7 1 +L9 
/,A - 1.2 

4 8 +L4 
- 2.0 

Co 

23 69 +018 
_ 021 

23 69 +015 
_ 0 17 

90 9 c +0.28 
_ 026 

9 a 70 +0.25 

7 _ 0 29 

23.58 ^ 

23 62 +0 - 16 
-0.18 

23.86 

23 94 +0 - 59 
_ 0 27 

23 61 +0 ‘ 77 
" ,UA - 0.54 

90 19 +0.84 
^■ J * AZ ' -0.52 

23.83 

9 a QC +0.38 
-0.30 
9^ Q4 +0.16 
-0.15 

23 56 +0 ‘ 31 

-0.40 

23 44 +0 - 25 

_o.31 

P 

0.920 

0.952 

0.913 

0.998 

0.857 


0.964 

0.924 


0.806 

0.617 

0.923 

0.761 

-0.072 

0.476 

0.883 

0.715 

Ps 

1.37e-14 

1.13e-09 

8.10e-07 

7.46e-12 

1.37e-02 


7.32e-06 

1.17e-10 


2.66e-15 

2.20e-04 

1.57e-13 

6.1 le-04 

8.78e-01 

2.33e-01 

2.37e-10 

2.90e-06 

A'pairs 

34 

18 

16 

11 

7 


10 

24 


62 

31 

31 

16 

7 

8 

29 

33 


Comments: See the notes of Table[2] 
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Table 5: Linear fits performed to the trends of Type-III galaxies in the photometric planes relating po,i and Po,o with h, and /;, 






ll)p 0 ,i vs. log(/Zi) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

4 3 +L8 

-1.5 

1 HQ +0.63 
1,/8 - 0.68 

3 6 +3 5 

"-’• u -2.5 

1 3 +L1 

L ’ J - 1.2 

5 1 +20 

j.i _ 21 

2 + !ro 

4 Q + 6.8 
-5.5 

1 3 +L2 

A * J - 2.2 

o 7 + 6.2 

D •' -4.0 

0-9 !1 

- 0-1 

5 3 +2 - 2 
- 1.6 

1 QQ +0-89 
vyy -1.32 

4 2 +2 - 9 
- 2.5 

1 89 +102 

l ' oy -0.91 

Co 

18-06!°;“ 
18-46 !°|? 

18.11 

18.49 

18.15 

18.48 !°i‘ 

17.6 ! 2 ; 2 

18 69 +0 88 

lo.u^ _ Q 24 

18.1!!:? 
18.21 !j|? 

18-621J! 

17.89 !°;?? 
18.55 !°;« 

18.20 

18.34!“ 4 

P 

0.706 

0.538 

0.857 

0.555 

0.714 


0.924 

0.585 


0.519 

0.384 

0.607 

0.313 

0.000 

-0.048 

0.516 

0.538 

Ps 

5.12e-07 

2.14e-02 

6.99e-07 

7.67e-02 

7.13e-02 


8.66e-07 

2.67e-03 


1.57e-05 

3.28e-02 

2.92e-04 

2.37e-01 

1.00e+00 

9.11e-01 

4.14e-03 

1.23e-03 

N pairs 

39 

18 

21 

11 

7 


15 

24 


62 

31 

31 

16 

7 

8 

29 

33 





12) p 0 ,i VS. l0g(/*i//?25> 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

6 3 +L5 

-1.5 

4 3 +L2 
-1.6 

5 5 +2 -° 

_ L9 

3 1 +2J 

J ' L -3.4 

7 6 +2 0 
/,u -2.8 
c nn +0.84 
' 7 -0.98 

4 7 +5.i 
-1.7 

Q Q +2.4 

_4.2 

6 2 +L6 

U, Z ' -2.5 

-0 3 +8 ° 

V. J _ 3 2 

6 5 +6 5 

UJ -7.4 

6 98 +0 88 

-1.76 
c Q 7 +0.98 
J ‘ y ' -0.94 

6 4 +2 - 4 
- 2.6 

4 2 +L9 
- 2.8 

C 0 

23 16 +095 

^ J,iU -0.94 

21.84 !°;5J 

22.7 !{ 3 
20.9 !?; 8 

23.9 !J ; 2 

99 og +0.52 
^.oy 06g 

22.3 ![ 2 

21.3 !‘ 4 

22.8 !|- 3 
18.2 !|f 

23.2 !« 

23 51 +a56 
_ 0 95 

23 03 +a61 

Z.J _ 0 64 

23.3 ![;? 

21 7 +1 - 2 

- 2.0 

P 

0.877 

0.889 

0.853 

0.945 

0.893 


0.899 

0.853 


0.708 

0.444 

0.904 

0.458 

0.107 

0.524 

0.868 

0.599 

Ps 

2.55e-13 

8.39e-07 

9.24e-07 

1.12e-05 

6.81e-03 


5.18e-06 

1.19e-07 


1.19e-10 

1.24e-02 

3.38e-12 

7.46e-02 

8.19e-01 

1.83e-01 

1.09e-09 

2.33e-04 

N pairs 

39 

18 

21 

11 

7 


15 

24 


62 

31 

31 

16 

7 

8 

29 

33 





13) Po.o vs. log(/i 0 ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

4.7 +L4 
2.08!°;” 

5.0 !| 3 

1 9 +14 

l y -1.5 

4 7 +1-5 

2 4 +1 - 2 

^ -1.5 

6 - 21 J 

1-8 -22 

5 0 +10 - 9 
- 6.0 

1-2!|5 

1 6 +26 
i>u - 1.8 

7 1 +4 - 5 

7-1 -5.3 

2 5 +L1 

4 4 +1.5 
-1.4 

2 0 +L1 
- 1.4 

Co 

18-77 ^ 

to 90 + 048 
_ 044 

18.5 !*•* 
20.13!°;“ 

19 06 +0 ' 88 

i^.uu _ 0 94 

19 48 +0 91 
_ 083 

17 4 +4,3 

20 37 +L32 

7 -0.84 

18-7!” 
20.2 ! 2 ; 9 

20 21 +0/77 
^ A -0.97 

17 4 +31 

7 • -3.4 

19 80 +a84 

A70W -0.76 

19.00 !l 2 

19 76 + °' 81 
17 -' u - 0.74 

P 

0.713 

0.648 

0.835 

0.618 

0.571 


0.806 

0.731 


0.414 

0.435 

0.432 

0.450 

0.321 

0.357 

0.432 

0.435 

Ps 

2.24e-06 

3.61e-03 

5.64e-05 

4.26e-02 

1.80e-01 


4.86e-03 

4.91e-05 


8.13e-04 

1.44e-02 

1.52e-02 

8.03e-02 

4.82e-01 

3.85e-01 

1.94e-02 

1.14e-02 

N • 

1 y pairs 

34 

18 

16 

11 

7 


10 

24 


62 

31 

31 

16 

7 

8 

29 

33 




14) Po,o VS. log(/l 0 /f?25) 





All 

Spirals 

so 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

6 60 +L2 ° 
u.uu _ 098 

C 99 +0.69 
-0.89 

6 9 +2 9 

v.y _ L9 

4 Q +1-6 
-2.4 

6 3 +L5 

U - J -1.4 

C 7 Q +0.71 

7 27 -0.59 

8 . 6 ! 2 ;° 

5-6 + M 

C Q +4.1 
-2.7 

1 3 +7 ‘ 3 

A,J -4.0 

5 2 +5 - 2 

-3.8 

7 2 +3 - 2 

6 00 +L3 ° 
u.uu _ 0 90 

6 5 +L4 

U.J _J J 

5 32 

Co 

23 46 +a32 
-0.26 

23.08 !°; 32 

07 C 9 + 0.68 

-0.48 

23.02 !?;“ 

23 41 +0 - 55 
_ 047 

23 10 +032 
_ 027 

24 03 +0 - 44 

Z++.VJJ _o 36 

23 40 +0 63 

• 4 +VJ _ 0 6g 

23 05 +102 

^ J,UJ -0.91 

212 +3 - 5 
-1.4 

23.3 !‘; 9 

23.80 !°; 22 

90 r 9 +0.54 
zo.jz, _ 033 

23.38 !°1 
22.87 I 42 

P 

0.888 

0.866 

0.909 

0.873 

0.821 


0.818 

0.928 


0.804 

0.739 

0.848 

0.882 

0.000 

0.714 

0.905 

0.759 

Ps 

2.55e-12 

3.35e-06 

1.10e-06 

4.55e-04 

2.34e-02 


3.81e-03 

6 . 8 le -11 


3.47e-15 

2.04e-06 

1.79e-09 

6.10e-06 

1 . 00 e +00 

4.65e-02 

1.60e-l 1 

2.98e-07 

A'pairs 

34 

18 

16 

11 

7 


10 

24 


62 

31 

31 

16 

7 

8 

29 

33 


Comments: See the notes of Table[2] 
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Eliche-Moral et al.: Photometric scaling relations of antitruncated stellar discs in SO-Scd galaxies 


Table 6: Linear fits performed to the trends of Type-Ill galaxies in the photometric planes relating h x and h Q 


15) log(/i 0 ) vs. log(/ii) 



All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0.70!“’ 

1.018 !q ^95 

0 5 1 +0 - 34 

UJA -0.72 

1 03 +0 ' 22 

1 -0.16 

0 90 +0 - 59 

-0.47 

1 05 +0 - 21 
-0.16 

-0 03 +a61 
_ 0 86 

1-02 !“* 

0 56 +0 - 63 

-1.05 

0 69 +0 46 

-0.73 

1 06 +0 - 25 

1 uu -0.45 

0 25 +0 - 33 

-0.42 

1 04 +0 - 25 

1 - 0.20 

0 95 +0 51 

yj ‘ yj -0.56 

1 00 +017 
A,uu -0.13 

Co 

0.488 !“‘° 
0-282 

0 56 +0 - 26 

U,JU -0.13 
n tqo +0.049 
U./oO _ 0046 

0 39 + 019 

u ‘ jy -0.15 
n oan +0.070 
-0.068 

0.78 ™ 

Aon +0.097 

V.JIZ. _ 0 074 

0 49 +0 - 37 
y -0.13 

0 357 +0,239 

vj.jj / _ Q 056 

O + 0-120 

_ 0 Q53 

0 57 +015 
- 0.11 

0 94? + 0 066 
_o.063 

0 41 +0 - 23 
U '^ A -0.14 

0 296 +0 060 

v -0.056 

P 

0.463 

0.296 

0.717 

0.126 

0.321 


0.434 

0.415 


0.923 

0.893 

0.942 

0.868 

0.811 

0.810 

0.923 

0.919 

Ps 

3.87e-03 

2.18e-01 

8.07e-04 

6.97e-01 

4.82e-01 


1.38e-01 

4.36e-02 


1.22e-26 

1.39e-ll 

2.67e-15 

1.33e-05 

2.69e-02 

1.49e-02 

9.91e-13 

4.31e-14 

Npairs 

37 

19 

18 

12 

7 


13 

24 


62 

31 

31 

16 

7 

8 

29 

33 




16) log(h 0 /R 2 s)VS. 

log(/ii/i?25) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0 56 +028 
_ 0 27 

0 93 +0 - 22 
U,7J - 0.22 

0.58 !°£ 
0.79 !°f 

o 54 +0 - 56 

1 15 +035 

A * AJ -0.37 

0.28 !»;«’ 
0-64!^ 

0.9!| ; ° 

0.87!°;“ 

0 94 +0 - 50 
uy ^ -1.56 

0.28 !°;« 
i-io IS 

0 66 +061 
u.uu 0.42 

0 89 +0 29 

-0.36 

Co 

0 13 +017 
-0.18 

0 24 +0 - 15 

-0.15 

0 15 +0 ' 30 

U,AJ -0.43 

0 15 +0 - 21 

U,1J -0.19 

0 10 +0 - 36 
-0.30 

0 35 +0 - 23 

_o.25 

-0.03 !«;” 
0.08 !“’ 

0 37 +0 - 53 
yj,j ' - 1.10 

0 21 +0M 
U,Z ' A -0.57 

0 20 +0 - 33 
u,z,u -1.08 

-0 09 +0 - 28 

-0.38 

0 31 +0 - 38 
U ~ 3A -0.27 

0 20 +0 ’ 38 
-0.25 

0 23 +019 

_o.23 

P 

0.367 

0.279 

0.362 

0.084 

0.536 


0.236 

0.451 


0.775 

0.657 

0.865 

0.506 

0.643 

0.619 

0.856 

0.716 

Ps 

2.54e-02 

2.47e-01 

1.40e-01 

7.95e-01 

2.15e-01 


4.37e-01 

2.69e-02 


1.52e-13 

5.98e-05 

3.36e-10 

4.56e-02 

1.19e-01 

1.02e-01 

3.32e-09 

2.86e-06 

N ■ 

1 y pairs 

37 

19 

18 

12 

7 


13 

24 


62 

31 

31 

16 

7 

8 

29 

33 


Comments: See the notes of Table[2] 
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Table 7: Linear fits performed to the trends of Type-III galaxies in the photometric planes relating R 25 with /j,, h 0 , and Zorkin 






17) logics) vs. 

log(/ii) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0-47 !“? 
0-84 !“? 

0 50 +037 

U,JU -0.55 

0 96 +a21 
- 0.20 

0 42 +0- 20 
-0.16 

0 70 + 016 

/u -0.15 

0 00 +0 - 64 

_ 0 g 3 

0 92 +0.29 

-0.24 

0 60 +0 - 52 
u.uu _ o go 

1 40 +0.73 
1 ^ y -0.54 

0-87 !“? 

0 25 +0 - 23 

-0.30 

0 76 +0.20 

/u -0.15 

0.56 !“;g 
0.82!“;?? 

Co 

0 771 +0 079 
' ' 1 -0.065 

0 705 +0 040 

-0.041 

0.79!“;?° 
0.682 !“;“« 

0 734 +0 057 

kj. / _ 0 048 

0 740 +0 073 

U. /H-U _ Q 074 

0 99 +°- 34 

vyy -0.23 

H 1 +0 083 

U.051 _ 0 099 

0 73 +0.26 
-0.19 

0 59 +019 

-0.17 

0.707 !“;“» 

A Q 1 7 +0.100 
U.51Z _ 0083 

a 79c +0.067 

U. / Z ,J _o.072 

0 726 +0 - 140 

u * /z,u -0.087 

0 706 +0 071 

u. / uu _o 065 

P 

0.530 

0.335 

0.696 

-0.014 

0.571 


0.418 

0.528 


0.859 

0.852 

0.843 

0.859 

0.901 

0.881 

0.849 

0.855 

Ps 

4.41e-04 

1.61e-01 

4.57e-04 

9.66e-01 

1.80e-01 


1.07e-01 

7.95e-03 


4.07e-19 

1.22e-09 

2.64e-09 

2.05e-05 

5.62e-03 

3.85e-03 

5.87e-09 

2.28e-10 

ZVpairs 

40 

19 

21 

12 

7 


16 

24 


62 

31 

31 

16 

7 

8 

29 

33 





18) l0g(Z?25) vs. 

log(/r 0 ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0.33 !“? 
0.68 

0 34 +0 - 40 

q 77 +0.29 

U. // _ Q 21 

0 29 +o n 

w ^ -0.15 

0 56 +a24 

U,JU -0.19 

0 19 + “ 5 

17 -0.59 

0.74!“;“ 

0 17 +097 

' -1.40 

1 7 c +0.88 

1 •' J -0.98 

0 72 +0.36 
-0.43 

0-!4 !q32 

0.58 !““ 

0 34 +018 
-0.18 

0 71 +0 - 26 
u -' 1 - 0.20 

Co 

Q +0.13 

u,u * -0.11 

0 554 + 0 080 

_q 088 

Q 69 +0-47 
u * u * -0.28 

0 50 +013 
-0.16 

0 672 +0108 

u.u / z, _o 076 
0 64 +013 

-0.14 

0.84!“;^ 

0 50 +017 

u.ju _ 0 21 

0 71 +0% 

' 1 -0.43 

0 01 +0 - 58 

U,UA -0.37 

0 56 +017 

UlJU -0.19 

0.81 !“|g 

0 62 +013 

W -0.15 

0 66 +015 
u - uu -0.13 

0 53 +013 

-0.15 

P 

0.479 

0.182 

0.734 

0.203 

0.036 


0.115 

0.536 


0.841 

0.859 

0.802 

0.876 

0.964 

0.810 

0.796 

0.864 

Ps 

2.73e-03 

4.55e-01 

5.28e-04 

5.27e-01 

9.39e-01 


7.07e-01 

6.98e-03 


1.23e-17 

6.34e-10 

5.82e-08 

8.44e-06 

4.54e-04 

1.49e-02 

2.38e-07 

9.44e-l 1 

N pairs 

37 

19 

18 

12 

7 


13 

24 


62 

31 

31 

16 

7 

8 

29 

33 




19) log(ZZ 25 ) vs. log(Z? brkI1I ) 





All 

Spirals 

SO 

Sa-Sab 

Sb-Sbc 

Sc-Scd 

Barred 

Unbarred 

m 

0-26 !“;?“ 
0.82 t!f 

0 17 +051 

1 ' -0.38 

0-92!“;?? 

0 36 +0 - 23 
U,JU -0.22 

0 66 +0 2 ° 
u,uu - 0.22 

-0 19 +a34 

1 y -0.23 
a 07 +0.30 
-0.30 

0 45 +L53 
-0.80 

1-34 !a47 

0-82!“;“ 

0.19!““ 
0.68 !“? 

0.33!“? 

0.84!“? 

Co 

0 67 +019 
u,u/ - 0.20 

0 22 +013 
-0.13 

0-78!““ 

Q 09 +0.18 
VAjy -0.20 

0 53 +0 - 20 

U,JJ -0.23 

0 39 +0.23 
yj ‘ jy -0.20 

1 16 +0 ‘ 26 
A1U -0.31 

0 15 +034 

U - A J -0.33 

0.48!?;“ 

-0 24 +0 46 
-1.16 

0-15 tg 

0 71 +0 28 

u - ' 1 -0.29 

0 32 +0.24 
-0.25 

0 60 +0 29 
u.uu _o. 3 i 

0 22 +a21 
-0.19 

P 

0.404 

0.018 

0.726 

-0.315 

0.429 


0.294 

0.352 


0.735 

0.758 

0.708 

0.691 

0.786 

0.857 

0.742 

0.752 

Ps 

9.67e-03 

9.43e-01 

1.95e-04 

3.19e-01 

3.37e-01 


2.69e-01 

9.15e-02 


1.09e-ll 

7.84e-07 

8.50e-06 

3.02e-03 

3.62e-02 

6.53e-03 

4.14e-06 

4.61e-07 

Npairs 

40 

19 

21 

12 

7 


16 

24 


62 

31 

31 

16 

7 

8 

29 

33 


Comments : See the notes of Table[2] 
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